in the main text shows the two simulations conducted to compare different cumulus parameterizations in this work, Wang et al. (2015a) (refer to as W15) and SEN1. The cumulus parameterization scheme used in this work is based on Grell 3D ensemble scheme (referred to as G3D, Grell and Devenyi, 2002; Grell and Freitas, 2014), which allows for a series of different assumptions that are commonly used in convective parameterizations and includes options to spread subsidence to neighboring grid points. In addition to the options listed in Table 1 between GF scheme and G3D scheme and model evaluations are discussed as below.
in the main text shows the two simulations conducted to compare different cumulus parameterizations in this work, Wang et al. (2015a) (refer to as W15) and SEN1. The cumulus parameterization scheme used in this work is based on Grell 3D ensemble scheme (referred to as G3D, Grell and Devenyi, 2002; Grell and Freitas, 2014) , which allows for a series of different assumptions that are commonly used in convective parameterizations and includes options to spread subsidence to neighboring grid points. In addition to the options listed in Table 1 of Wang et al. (2015a) , W15 also includes prescribed SST forcing from NCEP by updating every 6-hour. SEN1 is conducted with the same model configurations as W15 but with a different cumulus parameterization scheme based on Grell and Freitas (2014) (referred to as GF scheme), which allows for subgrid scale convection representation. The differences in the model results between W15 and SEN1 can provide insights about the sensitivity of cumulus parameterization on model meteorological, cloud/radiative, and chemical predictions. Comprehensive model comparisons between GF scheme and G3D scheme and model evaluations are discussed as below.
Meteorological Predictions
Figures S1a and b show the absolute differences in monthly-averaged meteorology, cloud/radiative variables, and chemical predictions between SEN1 and W15. Compared to W15, SEN1 predicts higher T2 over most land area, and lower T2 over part of oceanic area. The increases of T2 in SEN1 can be up to 0. ) over the increase in convective precipitation (by domain averaged of 3.0 mm day -1 ). This is because, comparing to the G3D scheme, the GF scheme predicts stronger convection which leads to stronger detrainment of cloud water and ice near the cloud top, drying the troposphere and reducing the grid-scale precipitation. As explained in Grell and Freitas (2014) , less precipitation simulated by GF than G3D is attributed to the differences in autoconversion mechanism used in both schemes. Due to the stronger convection in SEN1, PBLH predicted by SEN1 also increases up to 185 m, with a domain averaged increase of 55.0 m. , respectively. However, COT increases in SEN1, with a domain averaged increase of 17.8.
The increase of COT is likely due to the decrease of cloud effective radius from smaller cloud droplets in SEN1. Although both CDNC and COT increase over land, the significant decrease of CF and LWP over land can result in a decrease in cloud albedo, and therefore a decrease in SWCF over land and near coastal areas in SEN1. The increase of SWCF over remote ocean is mainly due to the increase of CDNC and COT over these regions. Seidel et al. (2012) found that the NCEP reanalysis data showed deeper PBLH due to difficulty in simulating stable conditions compared with radiosonde observations. Therefore, the performance of PBLH here can only represent the deviation from the NCEP models.
Both LHFLX and SHFLX are overpredicted in W15 and SEN1, which is mainly due to a over land but improved substantially over ocean with NMBs from 304.6% in W15 to 35.1% in SEN1. The significant decrease of LWP over ocean is likely due to smaller cloud effective radius associated with higher CDNC, resulting from less precipitation in SEN1. The cloud effective radius is not included in the model output. However, LWP is proportional to both the COT and the effective radius, since SEN1 gives higher COT than W15, the decrease of LWP in SEN1 can be due to the smaller cloud effective radius in SEN1. Also, the increase of CDNC is usually associated with a decrease in cloud effective radius. Total precipitation is reduced in SEN1, resulting in more aerosols that can be activated to increase CDNC. The performance of COT is improved over land with NMBs reducing from -70.3% in W15 to -39.5% in SEN1 whereas it is degraded over ocean, with NMBs increasing from -21.8% in W15 to 64.6% in SEN1. The large overpredictions of COT over ocean are likely due to the smaller cloud effective radius in SEN1, which indicates the uncertainties in the treatments of cloud dynamics and thermodynamics.
Compared to MODIS data, PWV over land is more underpredicted, with NMBs from -0.5% in W15 to -5.5% in SEN1, and the performance of PWV over ocean is from overprediction by 3.2% in W15 to underprediction by 4.2% in SEN1. The performance of AOD over land is slightly degraded with NMBs from -10.8% in W15 to -11.5% in SEN1 and the performance of AOD over ocean is slightly improved with NMBs from -1.0 in W15 to -0.3% in SEN1. The predictions of CCN5 are improved in SEN1, with NMBs from 21.1% in W15 to -0.8% in SEN1. The decreases of CCN5 in SEN1 are mainly due to the lower aerosol number concentrations in SEN1.
The overpredictions of CDNC are largely due to the uncertainties in the observations as there are only a few grid cells that contain observations. 
Impacts on Chemical Predictions
As shown in Figure S1b , compared to W15, SEN1 predicts higher surface CO and SO 2 , with domain averaged of 6.2 ppb and 0.06 ppb, respectively. The increased mixing ratios of CO and SO 2 are likely due to the lower chemical loss through oxidation by lower OH levels and less wet deposition resulted from lower precipitation in SEN1. The increase of surface mixing ratios of NO 2 over land is likely due to less wet deposition, and the decrease of surface mixing ratio of NO 2 over ocean is likely due to the vertical mixing over ocean (e.g., higher PBLH). The increase of surface O 3 mixing ratios over eastern land areas and east coast in SEN1 is likely due to the increase of NO 2 surface mixing ratios and the decrease of surface mixing ratios of O 3 over remote ocean is likely due to the more convection in SEN1. ). Higher concentrations of ASOA can be attributed to less wet deposition and higher gaseous precursors of SOA due to less wet deposition. Higher concentrations of BSOA can be attributed to less wet deposition and higher biogenic emissions resulted from higher SWD and T2 in SEN1. Compared to W15, SEN1 predicts higher PM 2.5 and PM 10 up to 4.9 µg m -3 , with a domain averaged increase of 0.74 and 0.18 µg m -3 , respectively. Unlike PM 2.5 concentrations that increase over most of the domain, the concentrations of PM 10 decrease over remote ocean, which is mainly due to the decrease of sea-salt concentrations resulted from lower WS10 in SEN1. Figure S3 shows the monthly-averaged surface predictions of the concentrations of chemical species from SEN1, which serves as the baseline results for the absolute differences between SEN2 and SEN1 in Figure 6 and between SEN3 and SEN1 in Figure 7 in the main text of this manuscript in which those changes are discussed in detail. 
Chemical Predictions from SEN1

